by many countries and the increasing pressure from international donors. As a result, private sector delivery of veterinary services is gaining increasing recognition as an alternative to state provision, with most governments promoting this change, to reduce the financial burden on the state, and ostensibly to improve the efficiency of the service delivery (11, 16, 51, 73) . In many countries of sub-Saharan Africa, governments are changing policies (or contemplating doing so) and shifting responsibility from public control interventions towards private management of various aspects of animal production and health (78) , with the result that farmers will have to pay for services to investigate, treat and control most of the diseases that limit the productivity of livestock (63) .
Given this shift in policy, an understanding of farmer behaviour and decision-making in livestock health management is urgently required, to guide policy decisions. Whether the involvement of the private sector will improve overall efficiency in service delivery and achieve the intended objective of increased livestock productivity depends greatly on the demand response from livestock producers who must make decisions regarding the health of livestock (73) . In addition, the successful adoption and use of control measures by farmers, and in particular of small-scale farmers, are critical to the success of both public and private sector programmes, if livestock production efficiency is to be enhanced (63) . Therefore, the principal objective of this paper is to provide a framework for the economic analysis of factors influencing the behaviour and decision-making of small-scale farmers in animal health management, given the new environment for the supply of veterinary services.
Following a brief review of the decision-making process with particular reference to small-scale farmers, the authors first describe the economic nature of animal diseases and the types of research in animal health management. A conceptual model for the analysis of factors influencing small-scale farmer behaviour and decision-making in animal health management is then presented. The authors suggest that the empirical analysis can be based on two theoretical approaches and on recent advances in econometrics. Finally, a description of the possible results of such analyses is provided, with regard to the modification of institutional factors that influence the animal health management decisions of small-scale farmers.
Decision-making in small-scale farming systems
According to Boehlje and Eidman (9) , and Giles and Stansfield (28) , the decision-making process comprises the following five steps: problem definition, identification of alternatives, gathering information and analysis of alternatives, making a decision and taking action, and finally, evaluation of the outcome. Martin et al. include adjustment for timing and uncertainty in the definition of the decision-making process in animal health management (49) , because decision-making in animal health management must deal with several factors over which the decision maker does not have complete control, rendering the outcomes of actions uncertain. This is particularly important in small-scale farming systems, in which the differences between favourable and unfavourable consequences can be important. The decision context of smallscale farmers is very different from that of commercial farmers in that small-scale farmers usually have limited resources (15) . The small-scale farmers principally face two types of risks, as follows: a) production risks, which arise because of natural causes such as outbreaks of disease, parasites, drought, etc. b) price risks, which affect the prices of livestock products and the inputs into livestock production.
The attitude of small-scale farmers towards risk will affect the decision-making process by influencing the perception and benefits associated with the decisions. This attitude is important in that it may lead to the following (4, 23):
a) sub-optimal economic decisions b) unwillingness to adopt innovations c) adoption of principally prophylactic measures, rather than clinical services d) diversification to ameliorate the effects of risk.
In other words, in addition to economic criteria, small-scale farmers will almost invariably consider risk, but also other criteria important for animal health management practices. Therefore, the first step in solving any disease control problem involves defining the problem and identifying the information, criteria or goals that farmers use when choosing between alternative control strategies (19) . In many small-scale farming systems, the information sources (relating to prices of inputs and outputs, new disease control measures and alternatives, etc.) are not only inadequate, but are also difficult to access, thus the decision-making process becomes difficult or biased.
Economic nature of animal health management
The economic nature of animal diseases in the livestock production system has been extensively reviewed elsewhere (46, 47, 48, 53, 54, 66) . In general, livestock production can be seen as an economic activity involving a technical transformation process in which resources are used to produce livestock products for the benefit of the consumer (77) . In small-scale farming systems, livestock products may either be sold to the market or consumed at home. Animal diseases may either directly affect the livestock production system or indirectly affect other parts of the economy. According to McInerney (47) , the negative effects of animal diseases are primarily recognised at farm level and include the following: a) destruction of the basic resource of the production process (e.g. mortality of breeding or productive animals) b) lowering of the efficiency of the production process and the productivity of resources used (e.g. reduced rates of growth or feed conversion) c) reduction in the realised physical output of the production process or in the unit value of the product (e.g. reduced milk yield or quality) d) generation of additional costs in the production system through efforts aimed at minimising the effects of the disease (e.g. veterinary care, change in management system).
Thus, the cost of disease at farm level may be considered as consisting of either output reductions caused by disease or additional resources required to neutralise the effect of disease and maintain the level of production, or any combination of output and resource adjustment between the two extremes (47) . Animal health management therefore involves making decisions about the use of additional inputs to neutralise the effect of disease. This may involve three options (47, 66) , as follows: a) treatment of disease, an ex post use of resources to restore animal performance to the previous health level, following a disease event b) prevention of the disease, an ex ante use of resources (e.g. vaccination, specific management practices designed to avoid the occurrence of losses through disease) c) eradication of the disease from the production system.
In a neo-classical framework, the following economic principles are assumed to guide decisions with regard to the optimal allocation of resources in animal health management (23, 47, 48) : a) the relationship between prices of output (P Q ) and veterinary inputs (P V ) lead to the point where ∂Q/∂V = P V /P Q , i.e. the point at which the last dollar spent on animal disease control is just returned in the form of reduced output losses following the equi-marginal principle b) the relationship between veterinary inputs (V) and the substitutes of veterinary inputs (R), and the relative prices of the two, define the marginal rate of substitution ∂R/∂V = P V /P R , which sets the cost minimising technique c) the opportunity cost of devoting available resources to disease control activities and not to alternative uses. This is particularly important among small-scale farmers, who often have limited disposable income.
However, to take into account the particular situation of smallscale subsistence farmers, this neo-classical framework needs to be extended, at least in terms of the consumption side, as will be explained in the sub-section entitled 'The agricultural household model'.
Research in animal health management
Research in the field of animal health management has principally been focused on decision support, i.e. providing a framework of concepts, procedures and data to support the decision-making process, and hence optimise animal health management (17, 20, 24, 66) . Research has primarily covered three interrelated aspects, namely:
-quantification of the financial effects of animal diseases -development of methods for optimising decisions when individual animals, herds or populations are affected -determination of the costs and benefits of disease control measures.
Detailed reviews have described modelling techniques used to provide information to help decision makers to choose appropriate livestock health and disease control strategies (7, 18, 20, 21, 52, 58, 64) . The models may be broadly classified as statistical/positive models or economic models.
The statistical models have generally been used to identify factors that contribute to the development of disease conditions, magnitude and direction of influence and the relationship between diseases and other animal conditions. Statistical models commonly used include regression analysis, path analysis, discriminant analysis, factor analysis and analysis of variance (18, 58) .
Economic models have been widely applied to guide resource allocation in the field of animal health management and areas of inquiry have included the study of the economic consequences of animal diseases, whether control of a given disease is economically justifiable and the choice between competing control measures. The choice of the economic modelling technique has often been influenced by a number of factors (7, 20) , including the following:
-the nature of the problem (including the economic level involved) -the complexity of the system involved (e.g. the complexity of the disease and the effects of the disease) -the availability of data relating to the problem (e.g. disease parameters) -the purpose of the model and the preference of the model builder and/or the decision maker -the resources available (time, money and analytical tools).
The economic models commonly used include partial budgeting (25, 55, 68) , enterprise budgeting (68, 79) , costbenefit analysis (5, 8, 32, 39, 61, 65) , cost effectiveness analysis (22) , decision-tree analysis (14, 26, 58, 59, 62, 67, 71) , optimising mathematical models (13, 33, 38, 40, 75) and systems simulation (36, 41, 76) . These models are not mutually exclusive and have often been used together in solving animal health management problems.
A second, but less developed type of research in animal health management is the study of the behaviour and decision-making processes of farmers. Although much research has been orientated towards the farming systems approach (15, 29) , few examples exist that provide empirical econometric analysis based on an economic theoretical framework of the behaviour and decision-making processes of farmers in animal health management. Among the few examples are the recent studies by Chilonda (10) and Tambi et al. (73) . As previously indicated, this type of research is expected to gain importance, particularly in sub-Saharan Africa, principally for the following two reasons: a) the supply of veterinary services has undergone substantial changes, moving away from state provision of free services to private sector delivery with farmers paying for services received (10, 73, 78) b) the successful adoption and use of disease control measures by farmers (especially traditional livestock owners) will be crucial to the success of both public and private disease control programmes if livestock production efficiency is to be increased (63) .
The remaining sections of this paper will therefore concentrate on developing a framework for the economic analysis of factors influencing the behaviour and decision-making processes of small-scale farmers in animal health management, to provide not only a basis for future research, but also a basis for policy analysis for the successful delivery of animal health and production services to small-scale farmers.
Conceptual framework of factors influencing decision-making by small-scale farmers in animal health management A conceptual framework for the factors influencing decisions made by small-scale farmers in animal health management is illustrated in Figure 1 , indicating that small-scale farmers make decisions in animal health management as a result of the interaction of several variables. These are grouped into variables that relate to characteristics specific to small-scale farmers and farms, economic factors, institutional setting and biophysical factors. These are briefly discussed below.
Characteristics of small-scale farmers
The characteristics, and in particular, the objectives, knowledge and attitudes of small-scale farmers have an influence on animal health management decisions (15, 72) . Small-scale farmers normally have multiple objectives for keeping livestock (a cash resource, financial security, store of wealth, draught power, own consumption of animal products, bride price, social status) and these are likely to influence the decision-making process (27, 74) . The experience and education (both formal and
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Institutional setting
Organisation and policy of veterinary delivery system, marketing infrastructure, etc. informal) of the small-scale farmer are important characteristics that influence decisions made in animal health management (2, 15, 43, 73) . The frequency with which the farmers have contact with veterinary agents and the degree to which the farmer relies upon these people for animal health care are important in the acquisition of informal education. However, education is not the only important factor, past experiences and tradition also play a role. A difference in uptake can be observed between, for example, new dairy farmers and pastoralists who have a cultural history with respect to animal health treatments. In this way, indigenous knowledge, traditions and religion can have much influence.
Small-scale farmers possess varying degrees of knowledge regarding livestock husbandry, causes and methods of control of animal diseases, and benefits of disease control. Education increases the managerial capacity of small-scale farmers, and hence the ability to comprehend complicated information related to modern livestock production, and determines the management skills to be employed. The perception of smallscale farmers towards the characteristics of a particular technology affects the decision to adopt the technology (1, 37). Thus, attitudes play an important role in the choice of veterinary interventions and these relate to the attitudes of the small-scale farmers towards animal diseases and their importance, effectiveness of control strategies and their expected benefits, and attitudes towards the veterinary delivery system. The importance of attitude towards risk in animal health management has already been mentioned, with riskaverse farmers demanding veterinary services that complement and improve management quality (4).
Farm characteristics
The characteristics of a particular farm or the type of production system are known to influence animal health management decisions made by small-scale farmers (15, 29, 31, 50) . The level of market orientation and the intensification of the production system are important factors influencing animal health management decisions, as these determine the degree to which the system relies on inputs and modern technologies. Important farm characteristics include the availability of land, water, labour, income from both livestock and crop products and size of the livestock resource. Economies of scale may influence animal health management in that small-scale farmers with larger herds have a higher probability of experiencing diseases (73) and are likely to take advantage of veterinary services since the cost per unit is much lower than for smaller herds, making such services affordable (16) .
Economic factors
Economic factors that influence the decisions of small-scale farmers in animal health management include the existence of markets for outputs as well as for inputs, the level of input and product prices, and the demand and supply relationships (45, 60) . The existence of markets for animals and animal products influences the production decisions of small-scale farmers, including animal health management decisions. Lack of markets is one of the principal explanations of the lack of incentive for small-scale farmers to adopt livestock improvement technology. With regard to input prices and output prices, the livestock producers have been shown to be very responsive to changing conditions of profitability and trade, as prices play a central role in production decisions of small-scale farmers (2, 45) . Demand and supply relationships of livestock and livestock products influence animal health decisions. Falling demand for livestock and livestock products relative to supply or regional surpluses depress prices and consequently small-scale farmers are less likely to allocate resources to pay for new technologies, including animal health management. In addition, the existence or non-existence of input markets is important. If inputs such as medical services are not available or only available at high prices, uptake is limited. Missing or imperfect input markets are a principal cause for low uptake. However, the reason for this is often found in the institutional setting, with low incentives for state controlled delivery systems to improve delivery (see the subsection below). Privatisation or at least introducing a (partial) payment system for treatments may result in a higher efficiency, and eventually, lower total costs.
Institutional factors
The institutional setting in which small-scale farmers operate influences farm management practices (2), animal health management decisions, and the degree to which farmers rely on veterinary services for animal health care. The institutional setting relates to the policy and organisation of the veterinary delivery system, general infrastructure, marketing infrastructure, proximity to veterinary services, information sources and extension services. In addition, the institutional environment in which the small-scale farmers are operating will set the transaction costs, defined as the cost of organising or co-ordinating economic activity (34, 44) . These costs are negatively correlated with the utility small-scale farmers derive from control measures and hence are important decision variables (69) . For example, farm distance is an important animal health management choice factor, as this affects accessibility to inputs, markets and information technology (2). Small-scale farmers who are located far from these sources tend to be limited in choices. In particular, the distance to the veterinary agents is a decisive factor determining the degree to which small-scale farmers rely on veterinary services. Policy setting relates to the degree of public sector involvement (or level of private sector involvement) in the supply of veterinary services and consequently subsidisation of animal health inputs and livestock product prices and other regulations that govern the use of veterinary services.
The organisation of veterinary services relates to both the availability and quality of veterinary personnel and the ability to perform correct diagnosis and treatment (which determines the cost of such interventions). The lack of support infrastructure can limit the choice of animal health inputs by small-scale farmers. Such infrastructure includes roads to markets, the available sources of veterinary products and services, communication infrastructure and the existence of market infrastructure; all of these are crucial for effective production decisions. Furthermore, the absence of credit for livestock production may influence animal health management decisions in that those small-scale farmers who do not have credit funding may opt to use fewer animal health inputs, or none at all. However, this factor is probably less important in livestock than in crop husbandry.
Biophysical factors
Biophysical factors which influence decisions in animal health management relate to a number of different factors that determine the occurrence of disease in animal populations (66) . The understanding of determinants of disease, defined as variables that affect the occurrence of disease, is important in animal health management decisions. Determinants may be intrinsic, in which case they are the physical or physiological characteristics of the host animal or disease agent. Important factors that relate to the host animal include the breed, age and sex susceptibilities, while those relating to the disease agent include virulence, method of transmission of the disease agent and the host/agent relationship that is established. Extrinsic factors relate to environmental determinants of disease, climatic factors such as rainfall, heat, wind, humidity, etc. In addition, environmental factors that determine the production system also influence host/parasite interaction (e.g. in locally selected resistant populations), and this will in turn influence animal health decisions (50) .
Economic analysis of the animal health decisions of small-scale farmers
The agricultural household model
Taking into account the above conceptual framework, agricultural household models can be used to analyse the demand for veterinary services and the response in function of a number of variables. In general, agricultural household models are used to estimate the influence of behavioural parameters on demand and supply responses. Unlike the pure neo-classical model (discussed earlier), the household model considers not only the production, but also the consumption behaviour of households. This is important because under partial subsistence conditions, the profit effect can reduce the normal expected substitution and income effects. Various applications of this model have been described in the literature (69, 70) .
The household model assumes that to maximise expected utility (U j ), small-scale agricultural households make decisions regarding the consumption of home-produced agricultural products (C), market-purchased goods (M) and the use of time for leisure or production of Z-goods (goods which yield utility and require time when performed by the household, e.g. cooking and child care). Utility is maximised subject to an income or budget constraint, a production constraint and a time constraint (3, 6, 70) . The expected utility form indicates that all variables are subject to uncertainty and risk, as explained previously. This is logical because of the inherent risks and uncertainties that exist in animal disease control (4) . Following the household theoretical literature (23, 69, 70) , the agricultural household model for a small-scale farmer (j) may be specified as follows:
Max E(U j ) (Eq. 1) with U j = ƒ(C, M, T Z ) (Eq. 2) where C = home consumption M = purchased goods T Z = time for leisure or Z-goods subject to a time constraint: T Z + T w + T F ≤ T G (Eq. 3) with T Z = time allocated to Z-goods and leisure T w = time allocated to wage work of the household T F = time allocated to farm work T G = total available household time a budget constraint: mM ≤ p(Q -C) + wT w -wT h -iI (Eq. 4) with m = average price of market purchases or goods p = market price of sold farm produce Q = quantity of farm products T h = hired in labour w = market wage (assumed to be equal for hired out and hired in labour) I = variable inputs used in farming i = price of variable inputs an implicit production function: Q ≤ Q(T F , T h , A, I) (Eq. 5) with A = land resource both for cropping and the available grazing resource for cattle.
The first two constraints can be combined in a single constraint (termed the full income function) of the form (70): wT Z + pC + mM = ∏ + wT G (Eq. 6) with ∏ = net farm income.
When applying this modelling framework to animal production, the model needs to explicitly consider that smallscale farmers can produce outputs from both crops (Q c ) and animals (Q a ) and that both can be marketed, at a respective price P c for the crop products and P a for animal outputs, or used for home consumption (C c for subsistence crops and C a for home consumption of milk, meat or even the delayed consumption when animals are kept as a store of wealth, bride price or any other non-monetary use that can be modelled as maximisation of the stock of animals). To analyse the effect of health management, in terms of inputs, veterinary inputs (V) with price v, must be separated from other inputs for animal production (R a ) with price r a , and from inputs used for crop production (R c ) with price r c . Furthermore, the full cost of veterinary services must be taken into account, including the transaction costs to obtain the services. In addition to the price paid by small-scale farmers, other costs can influence uptake of health management practices, such as information, negotiation and enforcement costs. Transaction costs include not only the time allocated to health management by the small-scale farmer, but also the cost of obtaining information about disease control programmes and treatments, the costs of making contact with veterinary services, the timeliness costs related to the period of time the farmer must wait before animals are attended and the efforts of monitoring sick animals and associated costs. These extra costs can influence the choice of a small-scale farmer and are highly dependent on the organisation and quality of veterinary services as well as on the distance between the farm and veterinary service.
Specification of the household model and subsequent derivation of the Kuhn-Tucker optimality conditions (70) allow the derivation and testing of assumptions about variables influencing demand elasticity and response, as follows:
a) prices charged: demand for veterinary services (V) can be assumed to decrease when the price of these services (v) increases b) transaction costs: the demand for veterinary services can be assumed to increase when the transaction costs of obtaining the services are reduced. When small-scale farmers are charged for services, uptake will be maintained or increased only when the efficiency of the delivery is improved, for example by reducing the timeliness cost through better organisation of the service c) the derived utility of health management practices to smallscale farmers, in terms of added value of marketable products (p a ), draught power, store of wealth or home consumption of products (milk and meat): uptake can be assumed to increase with improved marketing opportunities or higher value of the animal stock d) the effectiveness of veterinary inputs: demand for veterinary services will increase when the effectiveness of treatments is improved. This is true for both objective effectiveness and perceived effectiveness, in the sense that uptake will increase the greater the belief of the individual small-scale farmer in the effectiveness of a treatment. Privatisation can sometimes influence this perception because of differences in confidence of farmers in state and private provision. In addition, economics of scale can play a role if the use of certain veterinary services becomes more efficient for larger herds e) the correlation with the use of other inputs: for complementary inputs (δR a /δV positive), uptake will be positively correlated. When the price of these inputs falls, the system will be intensified and thus more veterinary inputs will be used, while in the case of substitution (δR a /δV negative), an opposite effect may be expected; a decline in price of the substitute will result in a lower uptake of the veterinary input. In addition, the level of the complementary or substitution effect can influence the uptake.
f) the influence of health management practices on the time allocated to farm work. Uptake can be assumed to be higher for veterinary services, allowing savings on hired labour (lower costs) or on family farm labour (increasing the time available for other activities such as off-farm work or production of Z-goods). This is the case for small-scale farmers adopting vaccination against diseases that otherwise require much labour to treat in the event of an outbreak. The time aspect is also related to the above transaction cost concept. The greater the distance between the farm and the veterinary service, the greater the time the small-scale farmer must spend in obtaining the service, and the less time available for off-farm work or for Z-goods.
Depending on the level of analysis, the agricultural household model allows a test of the degree to which demand elasticity and response depend on the characteristics of small-scale farmers and farms, institutional, biophysical and general economic conditions, as assumed in the conceptual model presented earlier. Differences in response can be analysed between small-scale farmers of different age, education or skills, between farms varying in size or intensification, between different diseases or animals, or between regions (or time periods) with different types of veterinary services organisation or with different general institutional and/or economic conditions, such as markets or prices.
The proposed household model structure also allows analysis of the extent to which the interaction between crop and animal production can have an influence on the uptake of veterinary services. Such an interaction is possible, because of the competition for the labour input (cf. Eq. 3) and also because of the relation of these two activities in terms of production. A rise in production of crops on a farm can signify an increased availability of crop residues as feed for cattle, but also require more draught power. Conversely, crop production and output will benefit from the availability of draught power on the farm. Furthermore, competition may occur at the level of consumption (i.e. higher availability of crop products may lower the incentive to produce animal products or vice versa).
Household models also allow the modelling of the relationship between uptake and available income, through the cash budget restriction (Eq. 4). This is very important for smallscale farming systems, as one of the principal causes of low uptake is a lack of money. Small-scale farmers must often make the choice between buying goods for consumption (M in the model) and buying farm inputs (I in the model). Higher income availability (e.g. through higher prices or higher offfarm income) can have a positive influence on the uptake of veterinary services.
Finally, the household framework also allows parameters influencing consumption to be considered, for example family size or availability of hired labour. Family size can influence the available labour for cattle husbandry (as children often herd the animals), but the number of children will also influence the home consumption needs. Furthermore, the utility function allows a study of the effect of selling prices for animal products on the choice between home consumption and marketing of animal products, and the consequent influences on the uptake of veterinary services.
The fact that household models can be formulated as expected utility models allows further analysis of the role of uncertainty and risk on the decisions of small-scale farmers. Given the risk averse attitude of small-scale farmers, it can be derived from the expected utility form that the higher the uncertainty about the outcome of a certain health management programme or veterinary treatment, the lower the uptake. The same will be true for the uncertainty about other factors such as output prices or input prices (e.g. when small-scale farmers expect that veterinary services will become more expensive in the future, this can influence the current uptake either positively for single treatments, or negatively for regular treatments). In this respect, the relative value of veterinary services and therefore outcomes of animal health management decisions differ depending on the personal attitudes of small-scale farmers towards risk, with riskaverse small-scale farmers more likely to demand prophylactic services rather than emergency services (4). The influence of privatisation on the uncertainty of outcomes is certainly an aspect that must not be neglected.
Qualitative choice models
A second approach for behavioural studies is the use of qualitative choice models, in particular when the objective is to analyse the determinants behind given choices of small-scale farmers. Qualitative choice models may help to verify whether theoretically derived or assumed hypotheses about these determinants are correct. This is achieved by analysing whether the conditions under which small-scale farmers are thought to belong to one or another group (e.g. infrequent users of veterinary services or frequent users) can be observed in reality (in other words, if the variables of influence allow a prediction as to which group a particular small-scale farmer belongs). Qualitative choice models are therefore expressed as probability equations linking the probability of belonging to a certain stratum in the observed population to variables characterising individual elements in the population.
This approach is often used because fewer data are required, but the method can also be defended on the basis of the fact that most health management decisions are discrete or quasidiscrete in nature (as is the case for many other decisions), whereby small-scale farmers must first decide whether to apply a certain practice or not, or choose between a limited number of possibilities, before making the decision of how much to use. Under subsistence conditions, the basic question can often even be reduced to a dichotomous choice situation: the health management practice is either applied or not applied. This is particularly true for prophylactic services such as vaccination and therapeutic services for treatment of diseased animals. Under these conditions, qualitative choice models allow the identification of significant variables discriminating among groups with different behaviour, such as those who adopt new technologies early, versus those who adopt late or never.
With respect to the privatisation of veterinary services, qualitative choice models can be used to analyse variables explaining attitudes or willingness to pay for services. In particular, in the case of innovations, qualitative choice models based on stated rather than revealed behaviour can be useful to identify target groups of policies or technologies. In addition, if very few farmers adopt new technology (zero demand), qualitative models form a good alternative, because in such cases estimation of response functions is difficult due to lack of response data.
However, the static nature of choice models is a weakness. Therefore, in contrast to household models, choice models are less suited to predict future response to key variables such as prices of inputs or outputs (elasticities). A strength of qualitative choice models is the ability to identify structural variables that are correlated with behaviour, and on the basis of these relationships, predict the manner in which farmers with similar characteristics will react when confronted with the same choice (such as using a particular livestock health technology).
Econometric methods and statistical software are now available to analyse dichotomous, polychotomous or continuous choice situations or any mixes of these (30, 35, 42, 56, 57) . The appropriate econometric approach to perform the empirical analysis will depend on the particular question under consideration. Common models used for this type of situation are probit or logit models. These models relate the probability of choosing a given animal health management intervention to the factors influencing this choice. Both models are non-linear and use the principle of maximum likelihood to estimate parameters; the difference between the models is that the logit model follows a cumulative logistic distribution and the probit model follows a cumulative normal distribution. The principle of maximum likelihood used in the logit and probit models allows an estimation of the values of coefficients in the model that maximise the probability of obtaining the sample that is actually observed. Depending on the research question and data availability, other models can also be used; an example is the TOBIT approach which is well suited to combine the discrete choice decision with the subsequent decision regarding the level of inputs to use (e.g. to explain differences in the expenses per animal among those applying the health management technique).
Examples of the application of qualitative choice models to analyse the factors influencing the demand for health services can be found in some recent studies (10, 73) . In these studies, data for empirical analysis were obtained from cross-sectional surveys. To make a decision about the variables to include in the model, a good understanding is required of the characteristics of animal production in terms of the objectives of small-scale farmers, the nature and type of the production system under consideration, its typology and determinants of efficiency, including the institutional and economic setting in which the small-scale farmers are operating (12) . In addition to empirical knowledge, the proposed conceptual model and the household theory can serve as input for the selection of variables. With respect to uptake of animal health services, the variables of interest include those linked to differences in the capacity, potential and nature of livestock production systems, small-scale farmers, households or farms, and in the case of privatisation, also variables linked to the financial situation, the marketing possibilities or other variables influencing the payment capacity.
Conclusion
Given the shift in veterinary policy by many governments (from public control interventions to private health management), the authors argue that to guide policy decisions, the behaviour and decision-making processes of small-scale farmers must be understood. Despite the economic nature of animal health management, which involves making decisions about the use of additional inputs to neutralise the negative effects of animal diseases, the decision-making processes of small-scale farmers are modified by goals, attitudes towards risk, household situation, etc. Decision-making in small-scale farming systems is difficult, since information sources are not only inadequate, but also difficult to access.
Most of the research in the field of animal health management has been focused on decision-support, principally employing models of economic decision-making. Although these continue to be relevant at appropriate levels of decision-making, the authors have tried to demonstrate that a second type of research, behavioural studies, is expected to gain importance due to the above mentioned changes in livestock disease control policy in most of sub-Saharan Africa. Therefore, a conceptual framework and two modelling approaches are proposed, to serve as a basis for conducting such studies.
The conceptual model clearly demonstrates that such studies need to consider variables that relate to the specific characteristics of small-scale farmers and farms, economic factors, institutional factors and biophysical factors. To analyse the demand elasticity for veterinary services, agricultural household models form a good extension of the neo-classical model, also allowing inclusion of consumption decisions in the analysis. This will lead to the derivation of more plausible hypotheses regarding the uptake of veterinary services by small-scale farmers, hypotheses which can be tested using recent advances in econometrics. This theoretical approach therefore deserves more attention in animal health management research. In studies to analyse the determinants that explain different choices among small-scale farmers, qualitative choice models seem to be appropriate as these models allow a given discrete choice of small-scale farmers to be related to differences in the characteristics of farms and small-scale farmers. The conceptual framework and its econometric specification can be usefully applied in empirical analyses designed to investigate the following:
a) the behaviour and decision-making processes of small-scale farmers in animal health management b) the factors influencing the willingness of small-scale farmers to pay for animal production and health inputs c) the factors which influence the demand for private veterinary services.
The results of such empirical analyses should not only allow the prediction of the choices of small-scale farmers, but should explain why some small-scale farmers adopt certain animal health interventions and others do not. In addition to the price of veterinary services, the full costs for the small-scale farmer of obtaining the services are thought to be important. Privatisation of services will only lead to an increased uptake of those services if the result is a more efficient delivery of health management services. This may reveal the need for modification of institutional factors (e.g. organisation of veterinary services at the farm level) and other factors influencing the private transaction costs of small-scale farmers obtaining access to health management. Therefore, among the potential users of such analyses are public Veterinary Services (particularly those planning to promote private veterinary services), extension services and government market support agencies, as well as the private sector and all other institutions involved in the planning and delivery of animal production and health management services.
In addition to the presented conceptual framework for the economic analysis of factors influencing the behaviour and decision-making process of small-scale farmers in animal health management, the most important contribution of this paper is the recognition that factors other than financial costs and benefits influence the behaviour of small-scale farmers. A better understanding of these factors through empirical research is required to guide policy decisions. The authors have indicated the rich possibilities of models (e.g. household models) to explain behaviour and response in a coherent and theoretically sound manner. Nevertheless, applications of such models to animal health management are rare. The authors therefore hope that this paper will serve as an invitation to those working in the area of economic analysis of health management to further explore this somewhat neglected area of research.
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Cadre théorique pour l'analyse économique des facteurs influençant les prises de décision relatives à la santé animale dans les petites exploitations
P. Chilonda & G. Van Huylenbroeck
Résumé
Les prestations de services vétérinaires dans la plupart des pays d'Afrique subsaharienne ont connu d'importants changements, le secteur privé s'imposant de plus en plus comme une alternative au service public. Compte tenu de cette évolution, il est indispensable de mieux comprendre l'attitude et les procédés de prises de décision des petits exploitants relatives à la santé animale, afin de mieux orienter les stratégies en matière de prestations de services zoosanitaires. La question de savoir si le secteur privé peut améliorer l'efficacité globale de ces services dépend, dans une large mesure, des besoins exprimés par les éleveurs qui doivent prendre des décisions relatives à la santé de leurs animaux. Les auteurs présentent succinctement le processus de prise de décision dans ces élevages, les aspects économiques des maladies animales et de la prophylaxie ainsi que les modèles utilisés dans le passé pour allouer les ressources affectées à la santé animale. Pour mieux comprendre le comportement et le processus de prise de décision des petits exploitants, les auteurs proposent un modèle théorique qui tient compte des caractéristiques spécifiques des petits exploitants et de leurs fermes, ainsi que des facteurs économiques, du cadre institutionnel et des facteurs biophysiques. Deux approches sont possibles pour conduire l'analyse économique à cet égard. D'une part, le modèle fondé sur le foyer agricole permet de déduire et d'évaluer différentes hypothèses sur les variations que connaît la demande de services vétérinaires de la part des éleveurs. D'autre part, les modèles fondés sur des options qualitatives sont mieux adaptés à l'analyse des facteurs conditionnant les choix des éleveurs. En conclusion, les auteurs font observer qu'il est urgent de procéder à des analyses empiriques sur ces sujets.
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Marco conceptual para el análisis económico de los factores que influyen en las decisiones relativas a la sanidad animal en pequeñas explotaciones
P. Chilonda & G. Van Huylenbroeck
Resumen En gran parte del África subsahariana, la prestación de servicios veterinarios ha experimentado profundos cambios, marcados por la presencia y el reconocimiento crecientes del sector privado como alternativa al sector público. Este cambio de orientación política hace indispensable entender mejor los procederes y procesos que determinan las decisiones de los pequeños ganaderos en materia de sanidad animal para así poder orientar las líneas de actuación política respecto a la prestación de servicios de sanidad animal. La participación del sector privado servirá para mejorar la eficacia general de los servicios veterinarios en función sobre todo de la demanda de los ganaderos que han de tomar decisiones sobre la sanidad de sus animales. Los autores repasan brevemente el proceso de adopción de decisiones en explotaciones pecuarias de pequeña escala, el carácter económico de las enfermedades animales y de su control, y los modelos utilizados hasta ahora para orientar la asignación de recursos al control de enfermedades. Para entender los factores que condicionan la conducta y las decisiones de pequeños ganaderos, los autores proponen un modelo conceptual que integra las variables características de esos ganaderos y de las pequeñas explotaciones, así como factores económicos, el contexto institucional y factores biofísicos. El análisis económico puede adoptar uno de los dos enfoques siguientes. Se puede utilizar como modelo la explotación agrícola familiar, que permite deducir y evaluar distintas hipótesis relativas a las variaciones de la demanda de suministro de servicios veterinarios por parte de los ganaderos. Por otro lado, si se quiere analizar los determinantes que condicionan las preferencias de los ganaderos, se puede recurrir a modelos basados en opciones cualitativas, que sirven mejor ese propósito. Para concluir, los autores señalan la necesidad de proceder urgentemente a análisis empíricos sobre el tema.
Palabras clave
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